REPORT OF A MARINE MAMMAL SURVEY OF THE EASTERN
TROPICAL PACIFIC ABOARD THE RESEARCH VESSEL

McARTHUR JULY 29-DECEMBER 7, 1989

P. Scott Hill
Alan Jackson
Tim Gerrodette

NOAA-TM-NMFS-SWFC-143

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheties Service

Southwest Fisheries Center



NOAA Technical Memorandum NMFS

The National Oceanic and Atmospheric Administration (NOAA), organized in
1970, has evolved into an agency which establishes national policies and
manages and conserves our oceanic, coastal, and atmospheric resources. An
organizational element within NOAA, the Office of Fisheries is responsible for
fisheries policy and the direction of the National Marine Fisheries Service
(NMFS).

In addition to its formal publications; the NMFS uses the NOAA Technical
Memorandum series to issue informal scientific and technical publications when
compiete formal review and editorial processing are not appropriate or feasible.
Documents within this series, however, reflect sound professional work and may
be referenced in the formal scientific and technical literature.



NOAA Technical Memorandum NMFS

This TM seriss & used for documentation and timely communicatin of preliminary resulls, interim reports, or
special purpose information; and have not raceived complete formal review, editorial control, or detailed editing.

JUNE 1990

REPORT OF A MARINE MAMMAL SURVEY OF THE EASTERN
TROPICAL PACIFIC ABOARD THE RESEARCH VESSEL

McARTHUR JULY 29-DECEMBER 7, 1989

P. Scott Hill
Alan Jackson
Tim Gerrodette

National Oceanic and Atmospheric Administration
National Marine Fisheries Service
Southwest Fisheries Center
La Jolla, California 92038

NOAA-TM-NMFS-SWFC-143

U.S. DEPARTMENT OF COMMERCE

Robert A. Mosbacher, Secretary

National Oceanic and Atmospheric Administration
John A. Knauss, Under Secretary for Oceans and Atmospheric
National Marine Fisheries Service

William W. Fox, Jr., Assistant Administrator for Fisheries



List of Tables ...
List of Figures ..

Survey Objectives

Materials and Methods

e s o 8 0

CONTENTS

® e 0 09 0 288508 a0

Study Area and Itinerary ....

Scientific Personnel .......

LRI B R B R IR Y
9 o8 8 00 29000
* a0 0 e “ s e 0 0

Marine Mammal Species Surveyed ..........

EqQuipment ...csveetsnossecsscnonacconceas

Duty Stations

Observer Teams and Rotation

Data Collection Procedures .

Data Analyses
Results ...c.vvv.
SUMMATY . v o 0o eeoeesn
Acknowledgments ..
Literature Cited .
Tables .....cc000.

Figures .cceeecess

® ¢ 00 s o9 0

Page

iii

10
11

114



Table

Table

Téble

Table

Table

Table

LIST OF TABLES

Page
Sea state conditions measured by the Beaufort
scale (from Bowditch, 1966)......cc0c0ctceecncns R

Daily searching effort recorded in the eastern
tropical Pacific aboard the McArthur during July
29 through December 7, 1989.....cvcccencvncecsns see 12

Marine mammal sightings, classified by species
code, encountered in the eastern tropical Pacific
during July 29 through December 7, 1989....... e.e. 60

Marine mammal school size estimates for each
observer, classified by species code, for all
sightings encountered in the eastern tropical

Pacific during July 29 through December 7, 1989... 99

Summary of marine mammal sightings encountered
in the eastern tropical Pacific during July 29
through December 7, 1989....¢ccctvvcccscccccssnn . 110

Summary of distance searched, large dolphin
schools detected, and rates of encountering
dolphins by observers aboard the McArthur in the
eastern tropical Pacific during July 29 through
December 7, 1989.....cc000ccccess ceessesaas ceesne. 112

ii



LIST OF FIGURES
Page

Figure 1. Tracklines surveyed by the NOAA Ship McArthur
from July 29 through December 7, 1989, in the
eastern tropical PacifiC....cveeeeencecannnnaees 114

Figure 2. Research ship marine mammal daily effort
reCOrd..... ooooooooooo L I S N I R T T I T R T T SN SR S N 115

Figure 3. Research ship marine mammal sighting record... 116

Figure 4. Vertical and horizontal sun position
B categoriES ..... L I I B I I I L I B B B R 2 B B I DN IR NN N TR NEE BN I I ) 117

Figure 5. Research ship marine mammal sighting record
continuation sheet.........c.ovhieeeieeease. 118

Figure 6. Offshore spotted dolphins detected from aboard
the NOAA Ship McArthur from July 29 through
December 7, 1989, in the eastern tropical
PaCifiC. e eeeesceeeccenonssssonssssnssssssansssss 119

Figure 7. Eastern, whitebelly and unidentified spinner
dolphins detected from aboard the NOAA Ship
McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific.....es0... 120

Figure 8. Common dolphins detected from aboard the NOAA
Ship McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific........... 121

Figure 9. Striped dolphins detected from aboard the NOAA
' Ship McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific........... 122

Figure 10. Bottlenose dolphins detected from aboard the
NOAA Ship McArthur from July 29 through
December 7, 1989, in the eastern tropical
PAaCifiC. v eeseesoceeenceocansscasssnssnssascsoassss 123

Figure 11. Risso's dolphins detected from aboard the NOAA
Ship McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific........... 124

Figure 12. Rough-toothed dolphins detected from aboard
the NOAA Ship McArthur from July 29 through
December 7, 1989, in the eastern tropical
PacifiC...ieiiieeeeneecencssosanssnsosnsnanssssssses 125

Figure 13. Pilot whales detected from aboard the NOAA

Ship McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific........... 126

iii



Figure

Figure

Figure

Figure

Figure

Figure

14.

15.

ls6.

17.

18'

19.:

Sperm and dwarf Asperm. whales detected from

-aboard the NOAA Ship McArthur from July 29

through December 7, 1989, in the eastern
tropical PacifiCOCOOOOUC......CO..'.IIO......I"

Unidentified rorquals, Bryde's, blue, humpback
and sei whales detected from aboard the NOAA
Ship McArthur from July 29 through December 7,
1989, in the eastern tropical Pacific.....ceeee.

Unidentified beaked, Cuvier's beaked,
mesoplodon, and bottlenose whales detected
from aboard the NOAA Ship McArthur from July
29 through December 7, 1989, in the eastern
tropical PacifiC...eieevieeieeiineeseennnnnocnnnns

Killer and false killer whales, Fraser's
dolphins, melon-headed and pygmy killer whales
and Pacific white-sided dolphins detected from
aboard the NOAA Ship McArthur from July 29

~ through December 7, 1989, in the eastern
tropical Pacificl.....l...I.......O..l...'I.....

Unidentified dolphins detected from aboard the
NOAA Ship McArthur from July 29 through
December 7, 1989, in the eastern tropical

»Pacific.0..0-.0.'0...-..01--l‘-cooct"o.o-ccclvo

Unidentified small whales, unidentified
whales, unidentified 1large whales and
unidentified cetaceans detected from aboard
the NOAA ship McArthur from July 29 through
December 7, 1989, in the eastern tropical

) PacifiCO0:00-..:00ooooi‘ooooo-v-ooon'alo.ot.-onooc

iv

127

128

129

130

131

132



REPORT OF A MARINE MAMMAL SURVEY OF THE EASTERN TROPICAL PACIFIC
ABOARD THE RESEARCH VESSEL McARTHUR
JULY 29 - DECEMBER 7, 1989

P. Scott Hill
Alan Jackson
-and
Tim Gerrodette

In 1984, as a result of an amendment to the Marine Mammal
Protection Act of 1972, the National Marine Fisheries Service
(NMFS) was mandated to conduct a research program to monitor trends
in the abundance of stocks of dolphins in the eastern tropical
Pacific (ETP). These dolphins are killed incidentally during
fishing operations by the U. S. purse seine fishery for yellowfin
tuna (Thunnus albacares). In 1986, the Southwest Fisheries Center
(SWFC) of the NMFS initiated a six-year program to monitor these
stocks of dolphins. In the first three years of the program (1986
through 1988), two surveys of marine mammal populations in the ETP
were conducted concurrently each year aboard the National Oceanic
and Atmospheric Administration vessels David Starr Jordan and
McArthur. The surveys lasted 120 days each. In 1989, the fourth
pair of surveys was conducted during the same time period and using
the same vessels.

In this report, we describe the experimental procedures used
‘during the 1989 surveys and we present summaries of the distance
searched and marine mammals encountered from aboard the McArthur
(Cruise AR-89-03; SWFC Observer Cruise 1268). A separate report
of the David Starr Jordan cruise has been published by Hill et al.
(1990) . A report of environmental data collected during the survey
is reported by Lierheimer et al. (1990).

SURVEY OBJECTIVES

The primary objective of the cruise was to collect information
to calculate relative abundance of dolphin species in the ETP that
are taken incidentally by the purse seine fishery for yellowfin
tuna. Specific objectives were to collect information to:

1. estimate school density, school size, and species
composition of each species taken by the fishery:

2. investigate the physical and biological environment of
the affected species; and

3. contribute to on-going U.S. and international programs
investigating oceanography and ocean-atmosphere
interactions in the ETP.



MATERIALS AND METHODS

Study Area and Itinerary

The McArthur traversed predetermined tracklines in the ETP
from July 29 through December 7, 1989 (Figure 1), with port calls
in Hilo, Hawaii; La Libertad, Ecuador; and Puerto Caldera, Costa
Rica. The itinerary of the vessel included four segments or effort

legs:

Leg 1.
Departed San Diego July 29
Arrived Hilo August 26
Leg 2. :
Departed Hilo August 31
Arrived La Libertad September 30
Leg 3.
Departed La Libertad October 5
Arrived Puerto Caldera November 3
Leg 4. .
‘Departed - Puerto Caldera November 8
Arrived ’ : San Diego December 7

The McArthur also conducted bird censuses on the Archipelago de
Colon (Ecuador) and on Isla del Coco (Costa Rica).
Scientific Personnel

Cruise Leaders Legs

Elizabeth Edwards, SWFC 1
Scott Hill, NOAA Corps, SWFC 2

" Identification Specialists

Scott Benson, SWFC 1
Richard LeDuc, SWFC 1-
Gary Friedrichsen, SWFC 3
Scott Sinclair, SWFC 3

Observers

- James Carretta, SWFC. 1-2
James Cotton, SWFC .t ' 1-2
Carrie Fried, SWFC 1-2
Richard Rowlett, SWFC 1-2



Sallie Beavers, SWFC 3-4
William Irwin, SWFC 3~4
Susan Kruse, SWFC 3~4
Brian Smith, SWFC 3-4
Monica Echegaray, Peru 3

Bird Census Specialists

Dcnald Roberson, Contractor 1-4
Robin Roberson, Contractor - 1~4

Oceanographic data were collected by the McArthur survey
department personnel.

Marine Mammal Species Surveyed

During the survey, the observers recorded information on all
species of whales and dolphins sighted throughout the cruise.
However, encounter rates are presented only for dolphin species.

Equipment

The McArthur, commissioned in 1966, is 53.3 m in length, has
a beam of 11.6 m, and has a 3.7 m draft. During the surveys, the
vessel maintained a cruising speed of approximately 18.5 km/hr.

Several pieces of equipment were used to gather data. The
geographic position of the vessel was recorded periodically and at
the time of a marine mammal sighting using the vessel's Satellite
Navigation System (SAT NAV). Marine mammals were detected with
port and starboard pedestal mounted 25X Fuginon1 binoculars and a
variety of hand-held 7-50X binoculars. The glasses were mounted
on the upper deck approximately 10.7 m above the sea surface.
Surface temperature and salinity, fluorescence (chlorophyll), and
. temperature-depth profiles were obtained using a thermosalinograph,
fluorometer, and expendable bathythermographs (XBTs), respectively.
Discrete conductivity and temperature-depth profiles were also
obtained using conductivity-temperature-depth (CTD) probes.

The bearing and radial distances of marine mammals from the
vessel were calculated using two methods. The first method was the
use of estimates of the bearing and radial distance of a school
from the vessel, which were recorded by the observers using a 360°
graduated washer attached to the base of the 25X binoculars and
graduated reticles enclosed in the right eyepiece of the
binoculars.

lReference to trade name does not imply endorsement by the
NMFS.



The second method utilized the Computer Assisted Sighting

Technology (CAST) system which used information from several
sensors to measure s1ght1ng angles and then to calculate radial
distances. A CAMAC! computer collected data from various sources:
the vessel's course from the gyroscope; the electronically encoded
train angles of the 25X binoculars; a measurement of the relative
motion of the vessel from a pitch-roll sensor; speed from the speed
log; and information <concerning survey status, such as
identification of observers occupying survey positions from data
pads located on the flying bridge. An IBM-compatible computer,
which was interfaced with the CAMAC, was then used to process
information to determine the sighting angle to the cue. Successive
sighting angles, recorded as the vessel traveled along the
trackline, were used to calculate radial distances. Analyses of
CAST data will be presented in a separate report.
A 35 mm F-1 cCanon! camera with motor drive was used to
photograph animals to aid in stock and species identification.
The system included 400 mm, 70-210 mm zoom, 50 mm, and 28 mm
lenses. Some observers also used personal camera equipment to
photograph sightings. Animals were also recorded on 1.27 cm video
tape using a Panasonic! VHS recorder and a Panasonic! camera
equipped with telephoto lens. : :

Duty Stations

Three duty stations were used during the survey, with
observers rotatlng through each station.

1. Left Blnocular - The port-side observer used a 25X binocular,
- mounted. on the port side of the vessel, to scan the ocean for
marine mammal sighting cues. The major area of responsibility

- for this observer was from the midpoint of the trackline to

- abeam, the port side of the vessel and outward to the horizon
or to the extent possible with prevailing environmental
conditions. -

2. Right Binocular - The starboard observer used a 25X binocular,
mounted on the starboard side of the vessel, to search from
the midpoint of the trackline to abeam the starboard side of
the wvessel, and outward to the horizon or to the extent
pos51b1e with prevailing environmental conditions. Observers
in the left and right positions frequently searched up to 10°
on -the opposite side of the trackllne.,

3. Recorder - The recorder's dutles were to transcrlbe effort data
at regular intervals, to make notes of information pertaining
to each sighting, and to search the trackline adjacent to the
vessel with hand held binoculars for schools not detected by
the observers on the 25X glasses. .



Observer Teams and Rotation

Two teams of three observers each alternately occupied the
three duty stations. Each team was on duty for a two-hour shift.
During each shift, observers spent approximately equal time
occupying each duty station. Teams alternated standing the first
watch of the day.

Two of the six observers, one on each team, were experts in
identifying marine mammals. Team composition remained constant
during the entire survey. Team members rotated between the duty
stations and teams rotated on and off duty without interrupting
searching effort. Observers aboard the Jordan and McArthur
switched vessels after the second leg, allowing school size
estimates for all observers to be calibrated with the ship-based
helicopter on the Jordan.

Data Collection Procedures

A typical day's searching activity began at sunrise,
approximately 0630 hours local time, and ended at sunset,
approximately 1830 hours local time. The searching procedure was
initiated when observers were occupying the duty stations and a
recorder was in place to record information on the Research Vessel
Effort Form (Figure 2). Except for approximately two to three
hours per night when oceanographic data were collected, the vessel
maintained its speed and course between sunset and sunrise to
provide wider spatial distribution of searching effort. On
approximately two-thirds of the nights, the McArthur was forced to
steam at a slightly reduced speed in order to conserve fuel.

When a sighting cue (marine mammals, birds, splashes, etc.)
was detected, it was determined whether marine mammals were present
and if the sighting was appropriate for tracking using the CAST
system. Schools that were not tracked included whales, dolphins
detected close to the vessel or at distances greater than 5.6 km
lateral to the vessel, small schools of dolphins (<15 animals), and
schools detected during poor sighting conditions. 1If tracking was
appropriate, the searching effort was terminated and the observer
initiated tracking by turning on a switch attached to the binocular
stand. With the vessel maintaining course and speed, and with the
school in the field of view of the binoculars, the CAST system
recorded successive bearings from the vessel to the animals. After
approximately 8 minutes the vessel was directed towards the school
and the tracking sequence continued for another 8 minutes. When
the target was not in the field of view, the switch was turned off
until the target was again sighted. The tracking procedure was
terminated if the target was lost from view and not resighted, or
if the cue was found to be inappropriate for tracking. All marine
mammal schools, when possible, were approached to obtain estimates
of school size and species composition. The searching mode was
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resumed after the vessel returned to its original course and speed
and the observers resumed searching for other sighting cues.

During each marine mammal sighting, the recorder collected
data necessary to complete Research Vessel Effort and Research
Vessel Sighting forms (Figure 3). Definition of each data element
is given by Ralston®’. Criteria. for assigning sun position and sea
state conditions are given in Figure 4 and Table 1, respectively.
Observers recorded bearing and range to the mammals using the 360°
washer and reticles etched into the right eyepieces of the 25 power
binoculars. The reticle measurements were converted to km using

"a = 0.003942 tan (arctan (45242.52) - 0.001088 r),

where a equals radial distance in km and r denotes the number of
reticles below the topmost reticle. Values in this equation were
calculated by Barlow (per. comm.) using an equation presented by
Smith (1982) and data collected during previcus research vessel
cruises.

Each observer who had a good view of the school independently
recorded in his or her logbook high, low and best estimates of
school size and a determination of species composition. At no time
were the observers allowed to discuss their estimates of school
size and species composition. This procedure assured independence
and consistency of each observer's data, and will allow individual
correction factors to be developed from aerial photographs. On a
daily basis, the Cruise Leader (chief of the scientific party on
the vessel) collected the individual 1logbooks and transcribed
observer estimates of school size and species composition to
complete the Research Vessel Sighting Forms.

However, all available observers did discuss species
identification and animal behavior, and a consensus was entered on
the Research Vessel Sighting and Research Vessel Continuation Forms
(Figure 5) shortly after the time of a sighting. Species
identifications were validated when possible by photographing the
school at close range using 35 mm and video cameras.

Data Analyses

Sea state conditions were grouped into "calm" conditions,
without whitecaps (Beaufort numbers 0-2), or "rough" conditions,
with whitecaps (Beaufort numbers 3-6). The presence of whitecaps
was important in searching for sighting cues. Animal splashes
could not effectively be used as a sighting cue during rough seas
because whitecaps were easily confused with the animal splashes.

2Ralston, F. Ms. Usage procedures and coding notes for
research vessel sighting and effort records. Southwest Fisheries
Center. P.O. Box 271, La Jolla, CA. 92038.

6



Visibility conditions were classified into "good" and "poor"
categories. Poor visibility conditions were recorded when
horizontal sun position was 12 and vertical pos1tlon was 1, 2, or
3, or when there were clouds together with fog or rain (Holt 1987).
All other conditions were good conditions.

The study area was divided into four strata, with the sum of
the four strata comprising the total study area (Figure 1). The
sum of the three northern most strata (inshore, middle and west)
constitutes the northern stratum and represents the range of the
northern offshore stock of spotted dolphins (the species most
impacted by the purse-seine fishery). Data were analyzed using
information by stratum, summed over strata and pooled over strata.

The rate of encountering marine mammal schools was determined
as the simple ratio of sightings detected per 1000 km searched.
The variance of the encounter rate was calculated as

var(n/L) = [EL[(n/1;) = (n/L)ﬁ/L(R - 1)

where n equals the number of dolphin schools detected in the
survey, L eguals total thousands of km searched, l; equals thousands
of km searched during the ith day, n, equals schools detected during
the ith day, and R equals number of days searched.

Encounter rates were calculated for all dolphin schools that
were detected during Beaufort states 0 through 6. Rates were
calculated for these schools detected in the entire study area and
for schools stratified by area, species, individual Beaufort
numbers, calm and rough sea conditions, good and poor sun
conditions, individual observers, and observer teams.

RESULTS

Data describing each leg of searching effort during the entire
survey are summarized in Table 2. Information summarized for each
marine mammal sighting encountered during the survey is presented
in Table 3. The geographic positions of all schools detected
durlng the survey are presented for each species category (code)
in Figures 6 through 19. Observer estimates of school size are
presented by species and subspecies in Table 4.

During the entire survey, observers searched 14,753 km and
made 500 marine mammal sightings (Table 5). Dolphins were detected
in 276 schools and whales were detected in 202 schools (22 schools
contained both dolphins and whales). These included 13 species of
dolphins and 17 species of whales.




Searching effort was conducted during Beauforts 0 through 6
conditions. Generally, effort was terminated shortly after the
seas and wind attained a force of Beaufort 6, though at times
Beaufort 6 conditions were workable. Effort was terminated at the
discretion of the team leader and the cruise leader. While
operating in the searching mode in the study area (Figure 1),
14,302 km were searched and 254 dolphln schools were detected. The
overall rate of detecting schools in the study area was 17.76
schools/1000 km searched (Table 6). : v

Searching effort of the McArthur was distributed among all
four strata, with the highest percentage of effort (34%) occurring
in the southern area (Table. 6). The detection rates in the
southern and middle strata were similar. The detection rate was
lowest in the western area (Table 6). :

Sea conditions in the study area were extremely rough. Only
5% of the searching effort was completed in calm seas (Table 6).
However, 9% of all schools were detected during calm seas and the
rate of detecting schools during calm seas was nearly two times the
detection rate during rough seas.

, - Poor visibility conditions occurred only during 11% of the
surveying effort, during which time 11% of the schools were
detected (Table 6). It seems that visibility conditions had little
effect on sighting dolphin schools as the rates of detecting
schools during good conditions and poor conditions were very
similar. . '

The percent of schools detected by individual mammal observers
ranged from 4 to 12% (Table 6). Observer $72, a cruise leader who
stood watches for sick observers, had. a detectlon rate of zero (due
to rounding). However, his detectlon rate cannot be Jjustly
compared to the other observers due to the limited time spent on
the binoculars. The rates of detecting dolphin schools also varied
considerably among observers (range of 2.82 to 8.16 schools/1000
km) .

The percent of schools detected by teams ranged from 20 to 28%
(Table 6). The. rate of detecting schools by teams ranged from
15.72 to 20.98 schools/1000 km searched.

SUMMARY

~ In this report we have presented data on dolphln encounter
rates, school size, and species composition which meet the primary
objectives of the cruise aboard the McArthur. Data on effort and
sightings have been summarized.  We found that the rate of
encountering dolphin schools was higher during calm seas than
during rough seas, and the rate during good visibility conditions

8



was similar to the rate during poor visibility conditions.
Detection rates were highest in the southern area and lowest in the
western area. Encounter rates among observers and among teams were
variable.
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Table 1. Sea state conditions measured by the
Beaufort scale (from Bowditch, 1966).

Probable
wind ‘ wave
force height
(Beaufort) Knots Descriptive Sea Conditions in feet

0 0o~ 1 Calm Sea smooth and -
mirror-like

1 1- 3 Light air Scale-like ripple 1/4
without foam crests

2 4- 6 Light breeze Small short wavelets; 1/2
, crests have a glassy
appearance and do not
break '

3 7-10 Gentle breeze Large wavelets; some 2
crests begin to break;
foam of glassy appear-
ance. Occasional white
foam crests

4 11-16 Moderate Small waves, becoming 4
breeze longer; fairly frequent
white foam crests

-5 17-21 Fresh breeze Moderate waves, taking 6
' a more pronounced long
form; many white foam
crests; there may be
some spray

6 22-27 Strong breeze Large waves begin to © 10
form; white foam crests.
are more extensive
everywhere; there may
be some spray
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ATE
CRUISE OAT SIGHT [SERIES| LEG |CARD RESEARCH SHIP
#® . YEAR JMONTHE DAY #® # 3 ® MAR'NE MAM MAL
o1 SIGHTING RECORD
1 1 1 i | 1 ! i |
1 5 7 9 11 13 15 17
SIGHTING CUE ENVIR. COND. AT CUE POSITION AT TIME OF CUE . é OBSERVER POSITIONS
«8y5x; BEARING DISTANCE |, SURF TEMP, HORZ , VERT N £ B TIMEMM. |y | LEFT RIGHT .
TIME 38| 23 IFROMSHIP| nm & 10ths]3° | °F & 10ths | SUN | SUN LATITUDE |§ LonciTupe  |[W[38| sicHTED [N | BINO.| BINO.| REC |™TEVTE0
| . L. L1 Ll | 1 | I b1 ] ] i ]
19 23 24 25 28 31 32 35 37 39 43 44 49 50 51 55 56 58 60 62
OBSERVER 1
SCHOOL SIZE ESTIMATE SPECIES PROPORTIONS R
o8s. CARD [SPECIES1 , SP1 SPECIES2, SP2 ,SPECIES3 K SP3 , SPECIES4, SP4
CODE BEST HIGH LOW # % CODE % CODE CODE % CODE
02 ’
] [ | L.t 1 L4 { Pl | [ H L 1 ] t1 1
64 66 70 74 77 17 19 22 24 27 29 32 34 37
[sypy] §1°,2 S)P s 517,48
OBSERVER 2
SCHOOL SIZE ESTIMATE SPECIES PROPORTIONS
OBS. SPECIES1 . SP1 . SPECIES2 SP2 SPECIES3 SP3 SPECIES4  SP4
CODE BEST HIGH Low % CODE % CODE % CODE % CODE
l | | 1t . || I i1 i - 1 [ |
39 41 45 49 53 56 58 61 63 66 68 71
[s77,7] NTE {"s—iplzs S,P,4
OBSERVER 3
SCHOOL. SIZE ESTIMATE SPECIES PROPORTIONS
o8s. CARD SPECIES 1 SP1 SPECIES2 SP2 SPECIES3  SP3 "SPECIES4 SP4
CODE BEST # I HIGH Low % CODE % CODE % COoDE % CODE
0 3 .
I .11 ] 11 ] 1 11 L ] [ 1 1od I | I
73 75 78 17 19 23 27 30 32 35 37 40 42 45
‘S|P|1| SIP12 S|P|3 !S‘Pl!l‘
OBSERVER 4
SCHOOL SIZE ESTIMATE SPECIES PROPORTIONS
08S. SPECIES 1 , SP1 SPECIES2 , SP2 SPECIES3 = SP3 SPECIES4 CARD SP4
CODE BEST HIGH Low % CODE % CODE % CODE % # | cone
: : 0 4
| L1 1 1 1t L1 1 L1 | I 1 i P | 11 J 1
47 49 53 57 61 64 66 69 71 74 76 7817 18
lSlP|1l SIP12 SIP'3 S|P|4
OBSERVER 5
SCHOOL StZE ESTIMATE SPEC{ES PROPORTIONS
OBS. SPECIES1 , SP1 SPECIES2 , SP2 SPECIES3 , SP3 |, SPECIES4, SP4
CODE BEST HIGH Low % CODE % CODE % CODE % CODE
] 1§ 1 | S | 51 i1 | [ | [ 1 L1 |
23 27 31 35 38 40 43 45 50 53
Slpl1 |S]P‘2I |SlPl3| ISIPI4I
OBSERVER 6
SCHOOL SIZE ESTIMATE SPECIES PROPORTIONS - N oM S 0 ©
08BSs. SPECIES1 , SP1 SPECIES2 A SP2  CARD SPECIES3 SP3 SPECIES4 , SP4 O L OO o O
CODE BEST HIGH LOW % CODE % CODE| # | % CODE % CODE [
} I 1 111 [ I 11 | L [ 1 11 | j
57 61 65 69 72 74 77 78 17 19 22 24 27 29 30 31 3233 34
S|Pl1 ISJPI2I ISIPI3] SIPI4
Figure 3. Research i i i i
g e ship marine mammal sighting record. NOAA FORM 88-105
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VERTICAL SUN POSITION

12

10

5
6

HORIZONTAL SUN POSITION

Figure 4. Vertical and horizontal sun position categories.
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Figure 5. Research ship sighting continuation record.

CRUISE DATE SIGHT |SERIES] LEG | 0BS.
vEAR MonTH] DAY | # # # |cape
L i i ! 1 I I {
1 ) 5 8 10 2 14 16
{ SIGHTING SUMMARY

LIST ALL DIAGNOSTIC FEATURES OBSERVED
{INCLUDING ESTIMATED BODY LENGTH)

SKETCH FEATURES OF ANIMALS SIGHTED

BEHAVIOR — (DESCRIBE AGGREGATION, MOVEMENT, BOW AND STERN RIDING, BLOWS, ETC.}

MOVEMENT OF SCHOOL : SPEED (KTS) L1 i |

ASSOCIATED ANIMALS — {INCLUDE NUMBER AND SPECIES OF BIRDS)

TOTAL . ENVIR. COND.

TIME OF (RAIN, OVERCAST,
OBSERVATION FOG, CHOPPY}

AMT. OF TIME TAGS

AT CLOSEST ASSOCIATED
DISTANCE WITH SIGHTING

e 118 Crvernment Printina Offica 1087734 171/80¢76 1 1 R

DIRECTION (RELATIVE TO BOW) |1 4 |

PHOTOS: ROLL 2

FRAME(S): »

CLOSEST
DISTANCE OF
OBSERVATION

METHOD OF
OBSERVATION
(EYE, 7x, 10x, 25x)

NOAA EOQM Q8-10E614



*OTJToed TeoTdoxl uxelses oyl Ut ‘6861 ‘L Ioqueoad ybnoiyy ez ATnpe woxI INUJIVOR
dTys VVON sy3 pieoq woij pe3oe3ap (+) surydiop pojjods oI0Usijo °9 oInbrd

J0nL19NGT

1001 R 011 ", 021 M, 0Et M 0¥ H 051 w091

8,0

T

A0NLILEN

119



"OTJToed TeoTdoxy uisjlses o) ur ‘6867
'L Toqueoed ybnoayy 6z AInp woxy INGIIVOR diys V¥YVYON @43 paeoqe WoI3y pojoelep

sutydiop xsuutds (a) patyTiuspTun pue (O) AlreqelTym ‘(+) uzsjsexy ‘L 2aInbTg

30nLIanNgT
o0c M 08 M 08 M 001 M 0L n 0z1 M 08 LI n ,0s1 M 081

S ,0i

§ ,Of

30011187

N

120



o8

*O0TIToRd TeOoTdOoIn cnmummm.mau Ut ‘686T 'L Iequeoed ybnoiyl ez Ainp
woxy IJINUIAVOW dTUS YVYON U3 pieoqe woIy pejloejep (+) surydiop uowwod

M ,06

N 001

M 0L

JANLI3NCT

W 021

oEl

M 0%

M 051

*g 2anbt4g

n 08

++

+

£+

§,0

s ,01

T

30NLI1ET

121



*o13ToRd TeoTdol]l uxsjlses oYl UT ‘g861 ‘L Ioqueosd ybnoiyl 6z Aine

woIy INUYIIAYOW dTUS YVON @Yl pIeodqe woiJ psioejlep (+) surydiop padrils

3aNn1I9NGT
M 0z 08 K 06 H 00 M0t n 021 M 021 M Db H 081

‘6 2aInbtg

u a1

§,0

§,01

N L0

30nL1187

122



*OTJTOoRd TedoTdoal uxsilsee 9yl Ur ‘86T ‘L Joquedaq ybnoayil ez A(nrL woid

IOU3IvoW dTYys VVON U3 pieodqe woxI pojoejep (+) surtydiop esouslijzod -0 oInbTd
um:hmwzog
M0 M,08 H 06 M 001 M ,01F M 021 M 081 M 4 OFT M 081 u 001
+
* +
+ F + + ¥
+
+ =
-+

A < 8
8

aoniiien

123



*OTFTORd Teordoidl uiejlsee a9yl ul ‘6867 ‘L Jequedsd ybnoaysy ez AT, woxl

INGIIAVON dTUYS VVYON @Yl paeoqe uwodj pejoal3ep (+) sutydiop s,0SSTY

30NL1ANGN
M0z M08 H 06 ¥ 001 M 01T u 021 M 051 MO

*IT =anbtg

M 051 M,081

5,0

$ 01

N 01

30011187

124



*OTJToRd Teot1doal uisjlses 9yl UT ‘6861 ‘L Joquodag Ybnoayl 6z ATnr woxy INUIAVOR
drys VvVON 9yl paeoqe wWoIJ Ppo3da3ep A..__L sutydrop poylzoolz-ybnoy *ZT oanbtd

3anLIINOT
06 " 001 " oi u 021 W ,OEt M OFI M ,OST K 081

s ,02

s ,01

N 01

30nLIeN

125



-oT3TORd Teordoil ulelsee 9yl url ‘6861 1 Jequeoag ybnoayl ez AInp
woxy INUAIVON dTUS VVON oU3 pieoqe wolj pe3oojep (+) sareuym 30TTd €1 2iInbta

: 30NLIAGNGT
M 0L " 08 " 08 " 001 M0l M 821 M 01 M 0¥ n 081 K .2:&.
w
LY
L5,
w
+
+ .&T + + 4 -+
% +  + 4 4
“w'
+ +
£
=
< 8
<« z
»
2|
g

126

30NLI1EN



*o13TORd
Teotdox) uiejse® 8Ul Ul ‘6861 ‘L Iequeooq ybnoayl 6z Arnr woxy INUIAYOW dTIUS
YVON 2yl pIeoqe wol] poiloolsop sofeym (0) wreds jremp pue (+) wiads *$T 2InbTd

JANLISNGT |
LTS N 08 M,06 - 001 M 011 ¥ 021 M,0E1 N 0FI M 081 " 091
' , . X ) A L ) 8
w
o
S
w
+
+4
+ .
F + + ._..J\ M
<3 o o+ vnuI
-+
+
o ++
-+
-m...l
=
-+
< 8
Y © z
o
8
z

30n111L7

127



*OTJTOeg TeoTdoal uxsiyses oyl ut ‘6861 ‘L Ioquaoaq
ybnoayy 6z Arnr woxy INUIIVOW dTUS VVON oYyl paeoqe WwoxJ pal3o939p sorTeym (o) Ies
pue (%) oeqduny ‘(a) sniq ‘(0) s,9phig ’(+) sTenbiox PaTITIuULIpPIUN *GT 2aInbrg

J0NLISNGT
M ,0¢ # 08 " ,08 K 00t n 0t M 021 M 081 g M, 081 ", 08

S ,0

§ ,01

N D1

N0

N 0K

3001110

128



*oTJToed Teordoxl uiejsee 9yl UT ‘6861 ‘L Ioqueosd ybnoayly
62 AInr woxy INUIIVOW dIYS VVON SY3 paeoqe woiJ poaloolsp sareya (0O) asous13lloq
pue ‘(A) uopordosau ‘(0) peiyeeq S,I9TAND ‘(+) poyeoq poIjIjuspiun °91 2Inbrg

JonLIaNo

4001 " o1l " 021 n, 001 Dl K081 081

5,0

s ,00

KT

N K

20NL1167

129



"OTIToed TeoTdoxl uielses ayl ut ‘6861 ‘L Joquaoa(
ybnoayy ez Ainp woxy INUIFAVOW dIYS VVON 943 pieoqe wolIy pejoesjzep sutydiop
(V) popTs-o3Tum OTJToed pue soleym (%) Io[TTy Awbid pue (pO) cmﬁmmnwnoﬁmﬁ
‘(a) surydiop s,is9sexg ’‘sereym (O) ISTITY OSTeI pue (+) IBTTTH LT oanbrd

JaNLISNGT
" ,0¢ " 08 ® 08 M 001 M 011 » 02t M 051 M 0%t # 051 n o001
: A i . L s 1 1 N

$,0

5,01

N ,01

N ,OF

aoniliyl

130



-oT3ToRqg Teordoxy ursilses 8yl utl

16861 'L Ioqueoad ybnoayly 6z ATne woay INYIAVOW

dTys VVON °U3 pieoge woij pojoejep (+) surudiop pIIITIUSPTUL 81 2anbtd

08

001 M 011

30NLISNGT
"

021 W 08t M6 M 081 " 081

g ,0

N Ot

JanLIien

131



‘DTITORg
Teotdoal uxejses ay3l Ul ‘6861 ‘L Ioquaoa@ ybnoaysy ez AIne worl INUIIVOR drys
YYON @Y} paeoqe woij pe3oejep (0O) suesoeldd paTITiusprun pue (A) soTeym obier
peTiTiusprun ‘ (O) seoTeym psTiTiusprun ’(4) soTeym [Tews pariIjuspiun 61 2anbta

. . JaNLISNGT .
M 0L 08 M ,08 ® 001 ¥ 011 H 021 08l M O8I 1,051 ¥ 091

g ,0

5,01

N .01

3onL1ien

132



RECENT TECHNICAL MEMORANDUMS

Copies of this and other NOAA Technical Memorandums are available from the National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22167. Paper copies vary in price.
Microfiche copies cost $4.50. Recent issues of NOAA Technical Memorandums from the NMFS
Southwest Fisheries Center are listed below:

NOAA-TM-NMFS-SWFC- 133 The 1987-88 demersal fish surveys off Central California (34°30'N
to 36°30'N)
J.L. BUTLER, C.A. KIMBRELL, W.C. FLERX and R.D. METHOT
(July 1989)

134 The First 25 Years.
LILLIAN L. VLYMEN
(September 1989)

135 Censuses and interatoll movements of the Hawaiian monk seal on
Laysan Island, 1985.
B.L. BECKER, R.J. MORROW, and J.K. LEIALOHA
(September 1989)

136 Summary of the 1987 U.S. tuna/porpoise observer data.
A.R. JACKSON
(October 1989)

137 Biomass-based models and harvesting policies for
Washington-Oregon-California rockfish stocks with correlated
recruitment patterns
J.E. HIGHTOWER
(April 1990)

138 Effects of including in mortality estimates, dolphins categorized as
either injured or of undetermined status.
C.W. OLIVER and E.F. EDWARDS
(May 1990)

139 Report of ecosystem studies conducted during the 1989 eastern tropical
Pacific dolphin survey on the research vessel David Starr Jordan.
L.J. LIERHEIMER, P.C. FIEDLER, S.B. REILLY, R.L.. PITMAN, L.T.
BALLANCE, S.C. BEAVERS, G.G. THOMAS and D.W. BEHRINGER
{May 1990)

140 Report of ecosystem studies conducted during the 1989 eastern
tropical Pacific dolphin survey on the research vessel McArthur.
L.J. LIERHEIMER, P.C. FIEDLER, S.B. REILLY, R.L. PITMAN,
L.T. BALLANCE, S.C.BEAVERS and D.W. BEHRINGER
(May 1990)

141 Ichthyoplankton and station data for California cooperative oceanic
fisheries investigations survey cruises in 1984.
E.G. STEVENS, R.L. CHARTER, H.G. MOSER and C.A. MEYER
{(May 1990)

142 Report of a marine mammal survey of the eastern tropical
Pacitic aboard the research vessel David Starr Jordan
July 29-December 7, 1989,

P.S. HILL, A. JACKSON and T. GERRODETTE
(June 1990)



	lu)
	IO
	Iu)
	IL
	IIu
	IUJ
	I +J-
	IP
	IC
	lffl
	10
	I n
	I SLI
	Iffl
	101
	Iffl
	List of Tables
	List of Figures
	Survey Objectives
	Materials and Methods
	Study Area and Itinerary

	Acknowledgments
	Literature Cited
	Tables
	Figures
	eastern tropical Pacific
	record


	Research ship marine mammal sighting record
	categories
	continuation sheet
	Pacific
	1989 in the eastern tropical Pacific


	Ship McArthur from July 29 through December
	1989 in the eastern tropical Pacific

	Ship McArthur from July 29 through December
	1989 in the eastern tropical Pacific
	Pacific

	Ship McArthur from July 29 through December
	1989 in the eastern tropical Pacific

	through December
	1989 in the eastern tropical Pacific
	I g1333
	IS
	IO




